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Forty-one patients were evaluated with exercise-gated
radionuclide ventriculography before and within 4 days
after successful transluminal coronary angioplasty and
4 to 12 months later. Patients were subgrouped accord-
il\~ to the degree of restenosis demonstrated angiograph-
kally at 4 to 12 months (Group I [n = 23): -<;20%;
(;roup II (n = 10): > 20% but < 50%; Group III [n =
8): 2:50%). Patients with abnormal findings on gated
radionuclide ventriculography «5 point increase in
ejection fraction or wall motion deterioration) early after
angioplasty were eventually found to have a greater de-
gree of restenosis than were patients with normal find-
ings (41.2 ± 30.3 versus 19.0 ± 25.4% restenosis, p <
0.0001). The accuracy of abnormal radionuclide ven-
triculography in predicting 50% or greater restenosis
In selected patients with coronary artery disease, translu-
minal coronary angioplasty has been offered as a nonsurgical
alternative to surgical aortocoronary bypass to achieve myo-
cardial revascularization (I -3). The ultimate success of this
new technique lies in its ability to maintain vascular patency
over an extended period and to afford protection from re-
current ischemia or infarction , or both. For the welfare of
the individual patient as well as to determine the effective-
ness of the technique in general, it is necessary to asses s
vascular patency at follow-up periods (4) . In controlled clin-
ical trials , this has been accomplished by means of coronary
angiography, but this is impractical in a routine clinical
setting . especially at serial interval s.
Improvement in myocardial perfusion after successful
transluminal coronary angioplasty has been documented
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was 73% immediately after angioplasty and 77% at the
time of follow-up angiography. Gated radionuclide ven-
triculographic results were abnormal in 5% of Group I
patients compared with 75% of Group III patients (p <
0.01) early after angioplasty; at late follow-up, they were
abnormal in 27% of Group I patients compared with
88% of Group III patients (p < 0.01). Group I patients
had a greater increase in ejection fraction than did Group
III patients at early (+ 11.3 ± 7.5 versus + 3.5 ± 6.5
points, p < 0.01) and late (+ H.8 ± 7.8 versus -1.9
± 8.7 points, p < 0.0005) follow-up. It is concluded that
gated radionuclide ventriculography is useful in pre-
dicting coronary restenosis after transluminal coronary
angioplasty.
noninvasively with thallium-201 imaging, and vascular pat-
ency has been predicted by this technique in 5 to 6 month
follow-up studies (5). Exerci se-gated radionuclide ventric-
ulography has been used to document improvement in left
ventricular function and functional capacity within days after
successful angioplasty in some patients and at the time of
late follow-up study in others (6-11) . In the present study,
patient s were prospectively evalu ated with exercise radio-
nuclide ventriculography before transluminal coronary an-
gioplasty , immediately afterwards and at the time of late
follow-up study. The data were correlated with angiographic
findings, and the accurac y of radionuclide ventriculography
in detecting coronary resteno sis was assessed.
Methods
Study patients. Forty-one adult patients were studied
with exercise-gated radionuclide veritriculography within 3
days before transluminal coronary angioplasty, within 4 days
after angioplasty and again 4 to 12 months later. Patient
selection for angioplasty was achieved through evaluation
of clinical and angiographic findings and the consent of the
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patient and referring physician. All patients were sympto-
matic with angina and had been considered candidates for
aortocoronary bypass surgery. Of the patients selected for
transluminal coronary angioplasty, this report includes only
those: I) whose condition was stable enough to permit per-
formance of maximal bicycle exercise testing before angio-
plasty, 2) in whom angioplasty was considered successful
initially, 3) who consented to undergo exercise-gated radio-
nuclide ventriculography within 4 days after angioplasty,
4) who returned for follow-up catheterization 4 to 12 months
after angioplasty, and 5) who consented to undergo repeat
exercise radionuclide ventriculography at that time. Since
patients with recurrent symptoms were more likely to return
for follow-up studies, the study group is biased in favor of
those with recurrent coronary stenosis. Patients in whom
transluminal coronary angioplasty was not successful are
not included in this report because aortocoronary bypass
was performed immediately or within 24 hours after angio-
plasty, precluding an early follow-up exercise radionuclide
study.
There were 34 men and 7 women with a mean age of
55.4 ± 9.7 years. Transluminal coronary angioplasty was
performed for stenosis of the left anterior descending artery
in 29, proximal circumflex artery in 1 and right coronary
artery in 11. Six patients had sustained prior myocardial
infarction. In five patients, the infarct was in the distribution
of the stenosed artery, but angioplasty was performed never-
theess. In these patients, the associated wall motion ab-
normality was mild or partially reversible, or both, after
nitroglycerin administration; thus, it was believed that there
was viable jeopardized myocardium in or around the prior
infarct. Before angioplasty, the average Canadian Heart As-
sociation class of angina was 2.3 ± 0.8. One patient was
in functional class IV, 18 were in class III, 16 were in class
II and 6 were in class I.
This protocol was approved by our institutional review
boards. All patients provided written informed consent for
angioplasty and each of the radionuclide studies.
Coronary angiography. In each patient, 60% or greater
intraluminal diameter narrowing (mean stenosis = 90 ±
7%) of a single coronary artery was demonstrated. No le-
sions greater than 50% were demonstrated in other arteries
except those supplying areas of prior infarction. The severity
of coronary narrowing was determined by caliper measure-
ments of traced coronary artery silhouettes in two projec-
tions, and the measured diameter lumen was expressed as
the percent of the diameter of the adjacent normal coronary
artery segments. Lesions were considered amenable to an-
gioplasty if they were less than 1 cm in length and localized
to the proximal portion of the left anterior descending coro-
nary artery, right coronary artery or left circumflex coronary
artery.
Coronary angioplasty. Transluminal coronary angio-
piasty was accomplished by a method described previously
(12). In summary, coronary angiography was first per-
formed using the guiding catheter to confirm the anatomy
of the lesion. The dilation catheter was then introduced and
advanced across the lesion. The balloon was inflated for 20
seconds, and inflations were repeated until a decrease in the
transstenotic gradient to 10 mm Hg or less, as recorded from
the catheter tip, was observed. After withdrawal of the bal-
loon catheter, coronary angiography was then repeated using
the guiding catheter to confirm a decrease in the degree of
stenosis. For the 4 to 12 month follow-up studies, cardiac
catheterization and coronary angiography were performed
in the standard manner.
Gated radionuclide ventriculography. Red blood cell
labeling was performed by the in vivo technique using 3.5
mg of stannous pyrophosphate followed by 30 mCi of tech-
netium-99m pertechnetate. With the patient in the 45° sitting
position, gated radionuclide ventriculography was per-
formed at rest in the anterior and "best septal" (450 left
anterior oblique) views and immediately thereafter using the
identical left anterior oblique view. Graded bicycle exercise
was accomplished using a bicycle ergometer and an initial
work load of 300 kpm/rnin, with the work load increasing
by 100 kpm every 3 minutes. Gated scintigraphic images
were obtained for each 3 minute interval. Exercise was
continued to the point of chest pain, electrocardiographic
ST-T depression of 2 mm or more or fatigue. Identical
exercise protocols were used for the preangioplasty, early
and late follow-up studies.
Wall motion. Movie mode rest and peak exercise images
from the three sequential studies were viewed simulta-
neously. Wall motion was visually assessed by three ex-
perienced observers unaware of the angiographic findings.
It was graded on a scale of 0 to 4 (normal = 0, mild
hypokinesia = 1, marked hypokinesia = 2, akinesia = 3
and dyskinesia = 4) in each of four segments that could
be compared in the left anterior oblique view (apical, an-
teroseptal, inferior and posterolateral) (Fig. I). In all cases,
care in patient positioning was taken to minimize overlap
of the apical and inferior segments in the left anterior oblique
view. A change in one grade in regional wall motion of any
Figure 1. Diagram of "best septal" left anterioroblique image.
Segments for which regional wall motion was assessed are delin-
eated. Ap = apical; lnf = inferior; PI = posterolateral; Sp =
septal.
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segment was considered significant. Among the three ob-
servers, interobserver variability in assessing changes in
wall motion during exercise was minimal, and in rare cases
of disagreement, the majority opinion ruled.
Ejectionfraction. Ejection fraction was determined from
left ventricular volume curves based on a semiautomated
computer-generated count rate obtained from the left an-
terior oblique images. Because even the semiautomated
ejection fraction determination technique is to some degree
operator-dependent, the same technologist performed ejec-
tion fraction determinations for the pre- and postangioplasty
studies in a blinded fashion. In our laboratory, the standard
deviation of sequential measurements in an individual pa-
tient by the same technologist is ± 2%. For the present
study, a failure to increase ejection fraction by 5 points
during exercise testing was considered an abnormal response
(13,14).
For each complete exercise-gated radionuclide ventric-
ulographic study, the estimated total body radiation dose
was OA8 rad. The critical organ is the urinary bladder,
which receives a dose of 2.19 rads. These values are within
the recommended guidelines for clinical studies.
Statistical analysis. Values are expressed as the mean
± I standard deviation. Pre- and postangioplasty results
were compared using the Student's t test for paired data,
chi-square analysis and Fisher' s exact test when appropriate.
Results
Coronary angioplasty. Transluminal coronary angio-
plasty resulted in a reduction of mean percent vessel stenosis
from tlO ± 7 to 18 ± 17% (latter value for stenosis ::;50%
in all patients). The mean transstenotic pressure gradient
was reduced from 50 ± 8 to 8 ± I mm Hg.
Patients were subgrouped according to the degree of
coronary restenosis present at 4 to /2 month follow-up
study. Percent restenosis was defined as follow-up stenosis
(%) minus immediate postangioplasty stenosis (%). Twenty-
three patients (Group 1) had 20% or less restenosis, 10
patients (Group II) had greater than 20 % but less than 50%
restcnosis and 8 patients (Group III) had 50% or greater
restenosis. The mean degree of absolute coronary stenosis
at the time of late follow-up angiography for Groups 1, II
and III was 25.5 ± 17.2% (range 0 to 60),51.8 ± 23.0%
(range 25 to 90) and 84.9 ± 16.5% (range 50 to 90),
respectively. Among the three groups, there had been no
significant differences with regard to either the degree or
the length of coronary stenosis before angioplasty or the
degree of residual stenosis immediately after dilation. In
general, recurrent lesions were similar in appearance to the
angioplasty lesions before with regard to location and length.
No patient was demonstrated to have developed additional
coronary stenosis in vessels other than the artery in which
angioplasty had been performed.
Radionuclide ventriculography before coronary an-
gioplasty. Before coronary angioplasty, the mean exercise
duration was 586 ± 299 seconds, and the mean maximal
rate-pressure product (heart rate x systolic blood pressure)
was (217.0 ± 63.0) x 10". Ten patients developed 2 mm
or more ST-T depression, and 10 developed typical angina
pectoris. Of these, six had both angina and ST-T depression.
Seventy-six percent of patients had abnormal results on ex-
ercise-gated radionuclide ventriculography, as defined by a
failure to increase ejection fraction by 5 points or more or
the development of a new regional wall motion abnormality.
Sixty-three percent of patients with left anterior descending
coronary artery stenosis and 82% with right coronary artery
stenosis had abnormal studies. Although prior myocardial
infarction had been documented in only 6 patients, wall
motion abnormalities at rest were observed in 27 patients.
In patients with left anterior descending coronary artery
stenosis, stress-induced wall motion abnormalities were ob-
served in the septum or apex, or both. Inferior or apical
abnormalities, or both, occurred in patients with right coro-
nary artery stenosis, and the one patient with circumflex
artery stenosis developed an inferior abnormality. In 6 pa-
tients, the studies were judged abnormal on the basis of the
ejection fraction criterion alone, in 6 patients by the wall
motion criterion alone and in 19 patients by both criteria.
The sensitivity of the ejection fraction criterion was un-
related to patient age (62% for patients older than 65 years
as compared with 61% for the entire study group, p = NS).
Radionuclide ventriculographic results before coronary an-
gioplasty did not differ significantly among the three patient
subgroups.
Radionuclide ventriculography within 4 days after
coronary angioplasty (Table 1). There was a marked in-
crease in mean exercise duration and maximal rate-pressure
product (p < 0.00 I) in the immediate postangioplasty com-
pared with the preangioplasty study (p < 0.001). No patient
experienced angina during bicycle exercise, and 2 mm or
more ST-T depression was observed in only two patients.
Whereas ejection fraction at rest was unchanged, ejection
fraction during exercise increased by a mean of 8.6 points
as compared with a mean increase of only 1.8 points before
angioplasty (p < 0.0001). As compared with 31 patients
with abnormal radionuclide ventriculographic results before
coronary angioplasty, only 12 had an abnormal ejection
fraction or wall motion response, or both, to exercise early
after angioplasty. Of the 27 patients with abnormal rest wall
motion before angioplasty, regional improvement at rest was
observed in 10 and there was complete normalization in 4.
Radionuclide ventriculography at 4 to 12 months fol-
low-up. At the time of late follow-up study, 15 patients
reported recurrent symptoms of exertional angina. In 11 of
the 15, these symptoms were judged to be as severe as those
before coronary angioplasty, but in none were they worse.
Of the 15 patients who had experienced recurrent symptoms
1106 DEPUEY ET AL.
DETECTION OF RESTENOSIS AFTER ANGIOPLASTY
lACC Vol 4, No, 6
December I<JX4: 1103-13
Table 1. Results of Exercise-Gated Radionuclide Ventriculography in 41 Patients Within 4 Days After Transluminal
Coronary Angioplasty
Before TCA Immediately After TCA p
Coronary stenosis (%) 90 ± 7 18 ± 7 <0,0001
Duration (seconds) 586 ± 300 681 ± 272 <0,005
RPP (x 10- 2) 217 ± 63 274 ± 65 <ILOOO I
Angina 24% 0% <0,005
2:2 mm ST depression 24% 5% <0,05
Mean EF (%)
Rest 56,5 ± 10,5 56,7 ± 9,8 NS
Exercise 58,3 ± 11.9 65,3 ± 11.5 <0,0001
Abnormal IlEF 61% 24% <0,005
Abnormal wall motion 54% 15% <0,001
Abnormal GRNY* 76% 29% <0,001
*Abnormal gated radionuclide ventriculography (GRNY) as defined by either a failure to increase ejection fraction (EF) by 5 points or an exercise-
induced wall motion abnormality, or both, Duration = duration of bicycle exercise; RPP = maximal heart rate-systolic blood pressure product;
TCA = transluminal coronary angioplasty.
at 4 to 12 month follow-up, angiographic results showed
that 4 had 50% or greater restenosis (Group III), 6 had
greater than 20% but less than 50% restenosis (Group II)
and 5 had 20% or less restenosis (Group I).
All patients in Group III, five of six in Group II and only
one of five in Group I had abnormal results on follow-up
exercise radionuclide ventriculography (Table 2).
Patients in Group III could be differentiated from those
in Group I by exercise ejection fraction (p < 0.001) and
the presence of abnormal exercise wall motion (p < 0.01),
whereas recurrence of symptoms, exercise duration, rate-
pressure product and symptoms or electrocardiographic ab-
normalities during exercise were not significantly correlated
with the presence of restenosis. Group II patients also had
a lower exercise ejection fraction (p < 0.025) and a greater
incidence of abnormal exercise wall motion (p < 0.05) and
exercise-induced angina (p = 0.002) than did patients in
Group I; however, Group II patients could not be signifi-
cantly differentiated from Group III patients by any of these
criteria. The change in ejection fraction from rest to exercise
was significantly greater in Group I patients ( + 11.8 ± 7.8
points) than in those in Group III ( - 1.9 ± 8.7 points) (p
< 0.0005) or Group II ( + 1.4 ± 6.9 points) (p < 0.0005)
(Fig. 2). The accuracy of exercise radionuclide ventricu-
lography (abnormal ejection fraction or wall motion re-
sponse) in differentiating patients in Group III from those
in Group I was 77%. If the criteria of both an abnormal
ejectiori fraction and wall motion response were used, the
accuracy was 80%.
Immediate postangioplasty radionuclide ventriculog-
raphy as a predictor of late follow-up results (Table
3). The results of this study were retrospectively analyzed
for each subgroup of patients. Whereas only 18% of patients
in Group I had an abnormal study, the study was abnormal
in 75% of those in Group III (p < 0.01). Group I patients
had an increased ejection fraction during exercise imme-
Table 2. Results of Exercise-Gated Radionuclide Ventriculography at the Time of 4 to 12 Month Postangioplasty
Follow-Up Angiography
Group I Group II Group III
Total (0520% restenosis) (>20% <50% restenosis) (2:50% restenosis) p
(n = 41) (n = 23) (n = 10) (n = 8) Group I vs. III
Duration (seconds) 720.6 ± 371.4 764 ± 303 695 ± 486 614 ± 430 NS
RPP (X 10- 2) 260.8 ± 85.7 267 ± 93 243 ± 91 268 ± 61 NS
Angina 15% 0 45% 13% NS
052 mm ST depression 17% 5% 36% 25% NS
Mean EF (%)
Rest 55.2 ± 9,3 55,5 ± 8,1 56.4 ± 7.8 52,5 ± 13.9 NS
Exercise 61.7 ± 11.8 66.7 ± 7.6 59.6 ± 10.2 52.4 ± 15.0 <0,001
Abnormal IlEF 46% 23% 64% 88% <0,005
Abnormal wall motion 29% 14% 45% 50% <0,10
Abnormal GRNY* 51% 27% 73% 88% <0,01
*Abnormal gated radionuclide ventriculography (GRNY) as defined by either a failure to increase ejection fraction (EF) by 5 points or an exercise-
induced wall motion abnormality, or both. Duration = duration of bicycle exercise; RPP = maximal heart rate-systolic blood pressure product;
TCA = transluminal coronary angioplasty.
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Figure 2. The change in ejection fraction (~EF) from
rest to peak exercise before transluminal coronary an-
giopla-ty (Pre-TCA) and at 4 to 12 month follow-up
(Late F'U). Patients are grouped according to the de-
gree 01 restenosisdemonstrated angiographically at that
time. For each data set the mean change in ejection
fraction ± I standard deviation is represented by a
vertical bar. A normal change in ejection fraction ( ~5
points ' would lie above the horizontal dashed line.
diately after coronary angioplasty to a significantly greater
degree than patients in Group III (+ 11.3 ± 7.5 versus
+3.~ ± 6.5 points, p < 0.01 ) and to a slightly greater
degree than those in Group II (+ 6.1 ± 11.2 points, p <
0 .10 ). Eighty-seven percent of patients in Group I compared
with only 50% in Group III (p < 0.05) had had an abnorm al
change in ejection fraction. Patients without evidence of
coronary restenosis (Group I) tended to maintain this in-
crease in the late follow-up study , whereas those with re-
stenosis generally demonstrated no improvement or more
marked abnormality in the late follow-up study (Fig. 3).
Only 5% of patients in Group I had had a stress-induced
wall motion abnormality compared with 50% in Group III
(p < 0.05).
Patients with abnormal results on an exercise radio-
nuclide ventr iculographic study immediately after coronary
angioplasty were observed to have a greater degree of re-
stenosis at late follow-up catheterization than did patients
with a normal study (4 1.2 ± 30.0 versus 19 .0 ± 25.4%
restenosis, p < 0.0001 ). If only patients in Groups I and
III were considered, the accuracy of early postangioplasty
exercise radionucl ide ventriculogra phy in predicting 50%
or greater restenosis was 73%, which was only slightly less
than that of studies performed later at the time of angiog-
raphy . Neither the presence nor the absence of prior myo-
cardial infarction influenced the predictive accuracy of the
test.
Case examples. Examples of exercise radionuclide ven-
triculographic studies performed in two patients before an-
gioplasty , within 4 days after angioplasty and at 4 to 12
months follow-up along with accompanying coronary an-
giographic findings are illustrated in Figures 4 to 7.
Influence of medications. During the study, medica-
tions were not maintained constant in all patients. All sub-
jects were prescribed aspirin and dipyrid amole from the time
of coron ary angioplasty until late follow-up . Only four pa-
tients took calcium channel blockin g agents after angio-
plasty, and the results of follow-up angiography in these
Table 3. Results of Exercise-Gated Radionuclide Ventriculography Within 4 Days After Transluminal Coronary Angioplasty in
Patients Grouped According to Subsequent Angiographic Findings at 4 to 12 Month Follow-Up Angiography
Gro up I Group II Gro up 111
(:520 % restenosis) (> 20% < 50% restenosis) ( ~50% restenosis) p
(n = 23) (n = 10) (n = 8) Group I vs . 111
Duration (seconds) 656 :':: 242 684 :':: 239 745 :':: 400 NS
RPP ( xlO - 1) 276 :':: 63 275 :':: 85 264 :':: 38 NS
Angina 0 0 0 NS
;:,: 2 IIUI1 ST depre ssion 0 9% 0 NS
Rest EF 56.5 :':: l:lA 57.0 :':: 8 .6 57.0 :!: 15.3 NS
Exerc ise EF 67 .0 :':: 10.6 64 .9 :':: 9 .9 61.3 :':: 15.6 NS
Abnormal dEF 13% 27% 50% < 0.05
Abnormal wall motion 5% 27% 50% < 0. 05
Abnormal GRNV* 18% 36% 75% < 0. 0 1
*Abnormal gated radionuclide ventriculography (GRNV) as defined by either a failure to increase ejectio n fraction (EF) by 5 points or an exercise-
induced wall motion abnormality . or both . Duration = duration of bicycle exercise ; RPP = maximal heart rate-systolic blood pressure product; TeA
'" transluminal coro nary angiop lasty.
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Figure 3. The change in ejection fraction (~EF) from
rest to peak exercise before transluminal coronary an-
gioplasty (Pre-Tf'A), within 4 days after angioplasty
(Early FlU) and at 4 to 12 month follow-up (Late FlU).
Patients are grouped according to the degree of re-
stenosis demonstrated angiographically at the time of
late follow-up study. For each data set, the mean change
in ejection fraction ± I standard deviation is repre-
sented by a vertical bar. A normal change in ejection
fraction (2':5 points) would lie above the horizontal
dashed line.
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patients were variable (>50, 45, 30 and 0% restenosis,
respectively). Before angioplasty, 22 patients were taking
propranolol, which was discontinued immediately after di-
lation. If these patients were excluded from data analysis,
the improvement in exercise duration for the remainder of
the patients was no longer significant (509.3 ± 266.3 before
and 587.3 ± 213.0 seconds after angioplasty). However,
the improvement in rate-pressure product (216.5 ± 75.2
x 102 to 256.3 ± 77.0 x 102 , P < 0.01), symptoms and
radionuclide ventriculographic variables (p < 0.001 for all
criteria) remained significant.
Discussion
Gated radionuclide ventriculography in patients with
single vessel disease. Since the introduction oftransluminal
coronary angioplasty as a nonsurgical method to relieve
coronary stenosis, appropriate patient selection has been
emphasized (4). Angiographic criteria are useful to deter-
mine the technical feasibility of dilation, but may be in-
adequate to accurately assess the functional significance of
a lesion. For example, if an 80% proximal lesion were
unassociated with stress-induced ischemia, dilation might
be postponed. In contrast, a 65% lesion could produce sig-
nificant ischemia due to superimposed spasm or increased
myocardial oxygen demand at a very vigorous level of ex-
ercise, and dilation might be recommended. Thus, in ad-
dition to patient symptoms, noninvasive cardiac imaging
may be useful to assess the functional significance of coro-
nary lesions and facilitate the decision to perform angioplasty.
Results of thallium-201 scintigraphy have been reported
(I) to be abnormal in patients with single vessel disease
before angioplasty. In the series of Scholl et al. (10), ex-
ercise-induced ischemia manifested by a heterogeneous pat-
tern of tracer distribution was documented in 67% of patients
before angioplasty and in 85% of those who achieved at
least 85% of their maximal age-predicted heart rate. Patients
undergoing exercise radionuclide ventriculography before
coronary angioplasty had abnormal studies in 94% of the
series (55 patients) reported by Kent et al. (7) and 100% of
the series (7 patients) studied by Sigwart et al. (8). We
found that exercise-gated radionuclide ventriculographic re-
sults were abnormal in 80% of a series of 44 patients re-
ported previously (11) and in 76% of those in the present
study. In each of these series, the sensitivity of noninvasive
testing in detecting single vessel disease is considerably
better than the sensitivities as low as 22% reported by others
(15). This discrepancy may be due to the fact that patients
selected for angioplasty had symptoms and angiographic
findings severe enough to warrant consideration initially for
single coronary bypass surgery. Differences in sensitivity
and specificity of noninvasive tests in patients preselected
on the basis of prior angiography as compared with those
undergoing screening for coronary disease should be ex-
pected (16).
Low ejection fraction at rest has been cited by some
investigators (17) as a source of a falsely normal ejection
fraction response to exercise in patients with coronary artery
disease. In the present study, before angioplasty ejection
fraction at rest was less than 25% in one patient and between
25 and 50% in seven others. In these eight patients, the
sensitivity of exercise-gated imaging to detect single vessel
critical coronary stenosis was 50% as compared with 66%
in the remaining 36 patients (p = NS). However, the effect
of low ejection fraction at rest certainly cannot be excluded
as a possible factor decreasing test sensitivity in the total
study group.
Significance of rest wall motion abnormalities. In the
present study, wall motion abnormalities at rest were ob-
served in 21 patients despite no historic or electrocardio-
graphic evidence of prior infarction. Such regional dys-
function could be explained by either the presence of prior
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Figure 4. Serial exercise-gated radionuclide ventricu-
lographic studies and coronary arteriograms in a patient
with successful angioplasty and no restenosis. Radio-
nuclide studies before angioplasty (A), 3 days after an-
gioplasty (B) and at 8 month follow-up (C) are shown
withrest end-diastolic(ED)andend-systolic(ES) images
above and the correspondingimagesfor exercise below.
Before angioplasty (A), there is a mild stress-induced
apical wall motion abnormality (arrow) and a subopti-
mal increase in ejection fraction from 58 to 61%. In the
early and late follow-up studies (B and C), wall motion
remains normal during exercise and ejection fraction in-
creases from 62 to 70% and from 59 to 68% in the two
studies, respectively.
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subclinical myocardial necrosis, rest myocardial ischemia
or recent ischemia with residual abnormalities in the dis-
tribution of the stenosed coronary artery. Since improve-
ment or normalization of these rest abnormalities was ob-
served in 14 of these patients after angioplasty, either of
the latter two explanations would seem to be the most ten-
able in the majority of cases.
Applicability of radionuclide methods after coronary
angioplasty. Several investigators have studied patients non-
invasiv ely after successful coronary angioplasty. Gruentzig
et al. (I) reported normalization of stress-induced thallium
myocardial perfusion abnormalities in 15 patients after sue-
cessful coronary angioplasty, although no patients with re-
stenosis were studied. Hirzel et al. (5) confirmed restenosis
angiographically in three patients who redeveloped an ab-
normal thallium study after initial normalization following
coronary angioplasty. Scholl et al. (l0) observed normal
thallium studies in 18 of 18 patients with persistent vessel
patency 6 months after coronary angioplasty, and 2 of the
2 with partial restenosis demonstrated stress-induced per-
fusion defects. Using gated radionuclide ventriculography,
Kent et al. (7) demonstrated normalization of wall motion
and ejection fraction in 24 (77%) of 31 patients 1 to 14 days
after angioplasty; 21 of the 24 maintained this improvement
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at 6 month follow-up. Bonow et al. (9) also reported ab-
normal ejection fraction results after angioplasty in 5 of 25
patients and abnormal regional wall motion responses in 3
of them. However, the significance of the abnormal post-
angioplasty results in the latter two series was not confirmed
angiographically.
In the present series we demonstrated a high degree of
correlation between abnormal exercise-gated radionuclide
ventriculography performed at 6 months after coronary an-
gioplasty and the presence of coronary restenosis demon-
strated angiographically. Whereas 73% of patients with re-
stenosis of 20% or less had normal results on exercise
radionuclide ventriculography, 88% with 50% or greater
Figure 5. Same patient as in Figure 4. In the preangioplasty
arteriogram (A), there is an 80% proximal left anterior de-
scending coronary artery lesion, which is reduced to 10% on
completion of dilation (B). A follow-up angiogram performed
at 8 months (C) demonstrates vessel patency and only mild
restenosis (30% narrowing).
restenosis had all abnormal study (predictive accuracy =
77%). An abnormal radionuclide ventriculographic study
was a better predictor of coronary restenosis than was re-
currence of symptoms or of angina or electrocardiographic
abnormalities induced during bicycle ergometry. Although
the results are somewhat confounded by the variability in
medications in the patient group, they remain statistically
significant.
Of Group II patients (>20% but <50% restenosis), 36%
had an abnormal study early after angioplasty, and 73% had
an abnormal study at 4 to 12 month follow-up. This high
incidence of abnormal studies is most likely explained by
the fact that although the degree of restenosis was <50%
lACC Vol ~,No. 6
December 1984:1103-13
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Figure 6. Serial exercise-gated radionuclide ventricu-
lographic studies and coronary arteriograms in a patient
with initially successful angioplasty but restenosis at 5
month follow-up study. Radionuclide studies before an-
gioplasty(A), 3 days after angioplasty(B) and at 5 month
follow-up (C) are shown with rest end-diastolic (ED)
and end-systolic (ES) images above and the correspond-
ing images for exercise below. Before angioplasty (A),
there is a marked stress-induced apical wall motion ab-
normality (arrow) and a decrease in ejection fraction
from 61 to 49%. Three days after angioplasty (B), there
is considerable improvement in the left ventricular re-
sponse to exercise, but a persistent mild stress-induced
apical wall motion abnormality (arrow) and a decrease
in ejection fraction from 57 to 54%, At 5 month follow-
up study (C), a marked apical abnormality (arrow) is
noted during exercise and ejection fraction decreases
from 55 to 53%.
in all cases, 5 (50%) of 10 had an absolute degree of coro-
nary stenosis of greater than 50%. At the 4 to 12 month
follow-up study, exercise radionuclide ventriculography was
abnormal in four of these five patients. Therefore, in patients
in whom coronary angioplasty has produced a suboptimal
decrease in the degree of stenosis, an abnormal follow-up
radionuclide ventriculographic study may better reflect the
absolute degree of coronary narrowing than the degree of
restenosis.
Exercise-gated radionuclide ventriculography when per-
formed within the first few days afterangioplasty serves as
a useful test to document the success of the procedure,
especially when compared with a preangioplasty study. It
also serves as a baseline with which to compare later serial
follow-up studies. Moreover, in the present study, we also
observed that abnormal exercise radionuclide ventriculog-
raphy early after successful angioplasty is frequently as-
sociated with coronary restenosis later demonstrated angio-
graphically, Patients with an abnormal gated radionuclide
ventriculographic study immediately after angioplasty were
eventually found to have a greater degree of restenosis at
late follow-up catheterization than were those with a normal
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study (41.2 ± 30.0 versus 19.0 ± 25.4%, P < O.OOOl).
Seventy-five percent of patients with 50% or greater re-
stenosis had abnormal findings on exercise radionuclide ven-
triculography within 4 days after angioplasty in contrast to
only 18% of patients with 20% or less restenosis (p < 0.01).
Because repeat angiography was not performed at the
time of these early abnormal results, we can only speculate
as to their origin. Intimal disruption of the coronary artery,
not apparent angiographically, may have occurred. Also,
the degree of residual coronary stenosis may have been
underestimated angiographically, although this error should
have been minimized by the objective caliper measurement
Figure 7. Same patient as in Figure 6. In the preangioplasty
arteriogram (A), a 99% proximal left anteriordescendingcoro-
nary artery lesion is present, which is reduced to 10%on com-
pletionof dilation (B). A follow-up angiogram performed at 5
months (C) demonstrates restenosis with 98% narrowing.
technique used. It is possible that within the few days in-
tervening between angioplasty and the initial follow-up study,
coronary thrombosis due to activation and deposition of
platelets at the site of angioplasty may have occurred despite
the use of antiplatelet drugs. Alternatively, because of the
release of platelet-associated substances, localized coronary
spasm may have occurred soon after dilation with the even-
tual development of a fixed coronary lesion at the time of
follow-up angiography.
Implications. Abnormal findings on exercise-gated
radionuclide ventriculography early after transluminal coro-
nary angioplasty may warrant especially careful patient ob-
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servation and follow-up since this is suggestive of the pres-
ence 01 restenosis. In our institution, even if a patient with
apparently successful angioplasty has an abnormal exercise
radionuclide study, repeat catheterization is not usually per-
formed before hospital discharge unless the patient is symp-
tomatic during a course of progressive in-house ambulation.
However, such patients are followed up quite carefully, are
often prescribed beta-adrenergic blocking agents and are
strongly encouraged to return for follow-up catheterization
and repeat coronary angiography.
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